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Abstract 
Learning to read is a lifelong skill that begins during early childhood.  There are a number of 
foundational skills that children should have before they start kindergarten in order to ensure that 
they are able to be successful during later reading instruction.  These skills are often referred to as 
early literacy skills, include skills such as expressive and receptive vocabulary.  It is critical to 
identify preschool children with delays in vocabulary and provide them with additional 
instruction.  The screening process involved in a Response to Intervention (RTI) framework 
provides a means for identifying students who need addition instruction.  The purpose of this 
study is evaluate to two different screening measures of vocabulary in order to evaluate their 
classification accuracy, or their ability to discriminate between students who need additional 
instruction or those who are making adequate progress in the general classroom.  Classification 
accuracy of the two versions of Picture Naming differed by analysis, with Picture Naming 1.0 
demonstrating greater sensitivity and specificity, while Picture Naming 2.0 demonstrated a higher 
AUC value and more promising ROC curve.   
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Chapter 1 
Introduction 
Learning to read is a lifelong skill that begins during early childhood (e.g., Missall, Carta, 
McConnell, Walker, & Greenwood, 2008; Snow, Burns, & Griffin, 1998; Whitehurst & Lonigan, 
1998).  There are a number of foundational skills that children should have before they start 
kindergarten in order to ensure that they are able to be successful during later reading instruction.  
If preschool teachers can identify children who are not making progress in the general classroom 
and are at risk for delays they can provide additional instruction to establish successful reading 
skills.      
A number of skills have been shown to have a clear and consistent relationship with later 
reading achievement and can therefore be defined as early literacy skills (e.g. Anthony & 
Lonigan, 2004; Dunst, Trivette, Masiello, Roper, & Robyak, 2006; Lonigan & Shanahin, 2008; 
Snow et al., 1999).  These skills can be grouped into at least four meaningful domains that 
include: (a) oral language, or the ability to use produce symbols to communicate (Dunst et al., 
2006); (b) phonological awareness, or the ability to detect and manipulate sounds at the level of 
the smallest units of spoken language (phonemes) (Anthony & Lonigan, 2004); (c) alphabet 
knowledge and concepts about print, or knowledge of the names and sounds associated with 
printed letters and the understanding of the conventions of written English (Lonigan & Shanahin, 
2008); and (d) comprehension, or the ability to gain information and draw inference from written 
and/or spoken language (Snow et al., 1999).  Among these, the domain of oral language is 
significant because of its relation to other early literacy skills and its ability to predict later 
reading achievement.  Oral language abilities such as vocabulary, or the number of words a child 
knows, are important for learning other early literacy skills (e.g., Storch & Whitehurst, 2002; 
Whitehurst & Lonigan, 1998).          
Vocabulary can be further broken down into two categories: expressive, or the words 
children can use express meaning, and receptive, or the words children can understand in context 
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(Roskos, Tabor, & Lenhart, 2004).  Vocabulary sets the foundation for other important early 
literacy skills and is directly related to reading ability (Poe, Burchinal, & Roberst, 2004; Senechal 
& LaFevre, 2002; Snow et al., 1998).  Without a strong vocabulary children struggle to learn 
other early literacy skills such as alphabet knowledge and phonological awareness (Morgan & 
Meier, 2008).  Preschool vocabulary has also been shown to predict later reading achievement 
(NICHD, 2005; Poe et al., 2004; Roth, Speece, & Cooper, 2002; Senechal & LaFevre, 2002; 
Storch & Whitehurst, 2002; Walker, Greenwood, Hart, & Carta, 1994).   
To identify students who have delays in vocabulary and are at-risk for delays in reading 
development, problem-solving models such as Response to Intervention (RTI) have been used in 
preschool settings (Bayat, Mindes, & Covitt, 2010).  RTI is a framework for identifying children 
who are not making adequate progress in the general classroom and providing them with 
increasingly intense interventions based on their specific needs (Fuchs & Fuchs, 2007; Vaughn & 
Fuchs, 2003).  A crucial component of an RTI system is a screening measure that allows teachers 
to accurately identify children not making adequate progress in the general classroom.  A 
measures ability to discriminate between children who are making adequate progress in the 
general classroom and those who are not can be referred to as classification accuracy.  
Classification accuracy statistics that include sensitivity and specificity are the most 
commonly used statistics to evaluate the accuracy of a screening measure (Jenkins, Hudson, & 
Johnson, 2007; Johnson, Jenkins, Petscher, & Catts, 2009; Johnson, Jenkins, & Petscher, 2010).  
Overall classification accuracy is the percentage of students who are correctly classified by a 
screening measure, meaning the student is given the same risk status by both the screener and a 
criterion measure.  There are no studies that investigate the classification accuracy of screening 
measures used to measure early literacy skills in preschool settings. There are a handful of studies 
that investigate the classification accuracy of early literacy screening measures used with 
kindergarten-aged students.  Although it is difficult to make direct comparisons because of 
differences in age, the results from these studies do offer a reference for expected results and 
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guidance for future research.  Evaluating the classification accuracy of screening measures used 
as part of a preschool RTI framework is essential to ensure that students who are most in need of 
additional intervention are identified.     
The Early Language and Literacy Individual Growth and Development Indicators 
(IGDIs; McConnell, McEvoy, & Priest, 2002) are measures that have demonstrated utility for use 
in a problem-solving model such as RTI (McConnell & Missall, 2008; Missall et al., 2007; 
Missall, McConnell, & Cadigan, 2006).  The IGDIs provide teachers a means to quickly and 
effectively assess students, identify those who most need additional instruction, and monitor the 
progress of those students while they receive more intense instruction.  Picture Naming 1.0 was 
the first IGDI created to assess oral language or vocabulary in preschool students.  Research has 
demonstrated that Picture Naming 1.0 has adequate psychometric properties, as well as high 
feasibility and utility (McConnell et al., 2002) and has also been shown to be predictive of 
reading performance through the end of first grade (Missall, et al., 2007).   
More recently Picture Naming 2.0 was developed by refining Picture Naming 1.0 
(Bradfield, Besner, Wackerle-Hollman, Albano, Rodriquez, & McConnell, 2013).  Item images 
were updated, new items were created, and a Rasch model was used in order to determine the 
difficulty of each of item.  Seasonal assessment bundles were created to specifically target the 
abilities of children in the year before they start kindergarten or their P4 year. 
Purpose of Study 
Children who start kindergarten without an adequate vocabulary are likely to have delays 
in the ability to learn to read.  Accurate identification of these children in preschool will allow 
teachers to provide additional instruction and prevent future delays.  Without an accurate 
screening measure valuable time and resources could be wasted.  It is therefore essential that 
screening measures be as accurate as possible.  The purpose of this study is to evaluate the 
classification accuracy of Picture Naming 1.0 and Picture Naming 2.0 for use in a preschool RTI 
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system so that teachers can select the measure that will most accurately identify students who 
need additional instruction.   
Research Questions 
1. How does the classification accuracy vary across Picture Naming 1.0, Picture Naming 2.0 and 
criterion measures (the PPVT-IV and the PLD)? 
 a. What is the classification accuracy for Picture Naming 1.0 with the PPVT-IV as a 
criterion measure? 
 b. What is the classification accuracy for Picture Naming 2.0 with the PPVT-IV as a 
criterion measure?  
 c. What is the classification accuracy for Picture Naming 1.0 with the PLD as a criterion 
measure? 
 d. What is the classification accuracy for Picture Naming 2.0 with the PLD as a criterion 
measure? 
 e. How does the classification accuracy using the PPVT and PLD differ across versions 
of Picture Naming? 
2. To what extent do the groups (students making adequate progress in the general classroom and 
those needing additional intervention) identified by Picture Naming 1.0 and Picture Naming 2.0 
differ?  
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Chapter 2 
Literature Review 
Learning to read is a lifelong skill that begins during early childhood (e.g., Missall et al., 
2008; Snow et al., 1998; Whitehurst & Lonigan, 1998).  The early literacy skills children acquire 
before kindergarten are essential to successfully learning to read (e.g. Anthony & Lonigan, 2004; 
Dunst et al., 2006; Lonigan & Shanahin, 2008; Snow et al., 1999).  In order to ensure that 
children have these early literacy skills when they start kindergarten it is important during 
preschool to identify those who are at risk for delays and provide additional instruction.  The 
primary purpose of this study is to evaluate two measures of early literacy skills in order to 
compare their classification accuracy, or their ability to identify preschool children in need of 
additional vocabulary instruction.  This chapter will describe the importance of early literacy 
skills, specifically oral language; the importance of identifying children who are not making 
adequate progress in vocabulary development during preschool; and, a system for identifying 
these children and providing them with additional instruction, specifically Response to 
Intervention (RTI).  The chapter will end with an outline of classification accuracy and how it 
relates to screening measures in an RTI system.   
Early Literacy Skills 
As many as one-third of children struggle to become successful readers in school and 
often experience difficulties related to reading throughout their lives (National Early Literacy 
Panel, 2008; Poe et al., 2004).  The National Assessment of Educational Progress reported that 
37% of fourth graders in the United States fail to achieve basic levels of reading achievement 
(Lonigan & Shanahan, 2008).  Learning to read occurs on a developmental continuum that begins 
well before a child starts kindergarten and not as a spontaneous event that occurs when children 
enter school (Missall et al., 2008; Snow et al., 1998; Whitehurst & Lonigan, 1998).  Without 
important foundation skills children may struggle to learn to read once they start school.  These 
foundation skills, which are often referred to as emergent or early literacy skills are related to, but 
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different from reading.  Early literacy skills serve as the foundation enabling children to be 
successful in learning conventional reading skills. 
Early literacy skills are defined as the precursors to "conventional reading skills" learned 
by preschool and kindergarten students (Lonigan & Shanahan, 2008; National Early Literacy 
Panel, 2006).  Conventional reading skills can be defined as the reading, writing, and spelling 
skills expected of elementary and secondary students that are more sophisticated and later-
developing than early literacy skills (National Early Literacy Panel, 2006).  Research has 
identified a number of skills that have clear and consistent relationships with later reading 
achievement and can therefore be defined as early literacy skills (e.g. Anthony & Lonigan, 2004; 
Dunst et al., 2006; Lonigan & Shanahin, 2008; Snow et al., 1999).  These skills can be grouped 
into at least four domains identified by the literature.  These domains include: (a) oral language, 
or the ability to use words to communicate (Dunst et al., 2006); (b) phonological awareness, or 
the ability to detect and manipulate words at the level of the smallest units of spoken language 
(phonemes) (Anthony & Lonigan, 2004); (c) alphabet knowledge and concepts about print, or 
knowledge of the names and sounds associated with printed letters and the understanding of the 
conventions of written English (Lonigan & Shanahin, 2008); and (d) comprehension, or the 
ability to gain information and draw inference from written and/or spoken language (Snow et al., 
1999).   
Among these domains oral language is especially important to later reading development.  
Oral language abilities such as vocabulary, or the number of words a child knows, are important 
for learning other early literacy skills (e.g., Storch & Whitehurst, 2002; Whitehurst & Lonigan, 
1998) and have been shown to be predictive of later reading ability (e.g., Scarborough, 2001).  
Preschoolers who have delays in oral language abilities such as vocabulary are more likely to 
continue to fall behind in learning to read and often develop reading disabilities later in school 
(e.g., Bishop & Adams, 1990).  Early identification and intervention for preschool students with 
delays in oral language abilities such as vocabulary are critical (Senechal & LaFevre, 2002).  
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Although all the domains of early literacy are important, the current investigation will focus on 
oral language.     
Oral Language 
 In the context of early literacy skills, the domain of oral language can be defined as the 
ability to produce and/or comprehend spoken language and can include vocabulary, grammar, and 
comprehension (National Early Literacy Panel, 2006; Roskos, Tabors, & Lenhart, 2004).  This 
ability to use words to communicate ideas and thoughts and to communicate with others includes 
the ability to use of rules of speech that include semantics (word meaning), syntax (rules that 
have to do with the order of words in sentences), morphology (rules for the internal organization 
of words), phonology (rules for combining sounds), and pragmatics (rules for the social use of 
words and basic social rules) plays a vital role in a child's ability to learn to read (Dunst, et al., 
2006; Roskos, et al., 2004).  In the context of early literacy oral language abilities are often 
measured and referred to in terms of a child’s vocabulary (National Early Literacy Panel, 2006).  
Vocabulary, a critical component of a child’s oral language skills can be defined as the number of 
words a child knows (Roskos et al., 2004).  Vocabulary can be further broken down into two 
categories: expressive, or the words children can use express meaning, and receptive, or the 
words children can understand in context (Roskos et al., 2004).  There is both theoretical and 
empirical evidence to support the important role played by vocabulary as an early literacy skill.   
 There are two major theories on the role that early vocabulary plays in later reading 
acquisition.  The cumulative language approach (e.g., Snow et al., 1998) focuses on vocabulary as 
both an important direct and indirect variable, while the phonological approach (e.g., Whitehurst 
& Lonigan, 1998) defines an indirect role for vocabulary.   
 The phonological approach to language development groups early literacy skills into two 
distinct domains; inside-out skills and outside-in skills (Whitehurst & Lonigan, 1998).  Inside-out 
skills include phonological awareness and letter knowledge while outside-in skills consists of 
language and conceptual knowledge.  Inside-out and outside-in skills work together to help a 
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child learn to read during elementary school.  The inside-out skills such as letter knowledge and 
letter sounds allow the child to decode the letters into correct phonological representations while 
the outside-in skills such as size of a child’s vocabulary is the knowledge the child brings with 
them that allows them to comprehend the words (Whitehurst & Lonigan, 1998).  The 
phonological approach stresses the idea that in early elementary school, when children are first 
learning to read, vocabulary plays only an indirect role and that early reading ability is more 
dependent on code-related skills such as alphabet knowledge than on vocabulary (NICHD, 2005; 
Storch & Whitehurst, 2002; Whitehurst & Lonigan, 1998).  At this point in reading development, 
the phonological approach argues, vocabulary plays only a supporting role.  As children become 
more skilled at decoding in later elementary school, vocabulary takes on a dual role; both 
supporting decoding and helping the child understand the text (NICHD, 2005). 
 In contrast, the cumulative language approach argues that the vocabulary, phonological 
awareness, and literacy knowledge of preschoolers all work together to form the foundation for 
reading acquisition and vocabulary plays a role independent of phonological awareness (Poe et 
al., 2004; Snow et al., 1998).  The cumulative language approach argues that a variety of oral 
language skills, including vocabulary, play a critical role in a child's ability to learn to read (Poe 
et al., 2004).  The cumulative language approach is based on empirical support from studies such 
as the meta-analysis conducted by Scarborough (2001) who reported that measures of oral 
language at kindergarten entry had the second highest predictive value for reading in first or 
second grade (median r=.47).      
     There is additional empirical evidence to support the important role played by 
vocabulary, both expressive and receptive, as an early literacy skill.  Vocabulary, or the number 
of words a child knows, is directly related to other important early literacy skills and to later 
reading achievement.  (e.g., NICHD, 2005; Morgan & Meier, 2008; Poe et al., 2004; Roth et al., 
2002; Senechal & LaFevre, 2002; Storch & Whitehurst, 2002; Walker et al., 1994).  For example, 
children with specific language impairments in preschool have been shown to be at high risk for 
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specific reading disabilities later in school (Bishop & Adams, 1990; Catts, Fey, Zhang, & 
Tomblin, 1999; NICHD, 2005).  A longitudinal study showed that children with delayed language 
milestones related to both expressive and receptive vocabulary had relatively low reading 
achievement at 8 years of age (Bishop & Adams, 1990).  A significant proportion of the variance 
in reading achievement can be attributed to early receptive and expressive vocabulary deficits 
(Bishop & Adams, 1990; Catts et al., 1999).   
 These theories and studies demonstrate the important role played by vocabulary in the 
ability to learn to read.  It is imperative that preschool students have a strong expressive and 
receptive vocabulary when they begin kindergarten so that they are prepared to learn to read.  In 
order to ensure that a student is ready to begin kindergarten with a strong vocabulary, 
preschoolers with delayed vocabularies need to be identified so they can be provided with 
additional instruction.   
 Early identification and intervention have been shown to decrease the likelihood of later 
reading difficulties.  There are a number of early experiences that have been shown to directly 
affect a preschoolers expressive and receptive vocabulary by increasing the number of words they 
know (Dickinson & Porch, 2011; Jenkins et al., 2007; Senechal & LaFevre, 2002; Stage, Abbott, 
Jenkins, & Berninger, 2003).  High-quality preschool environments that include a high density of 
exposure to new vocabulary words, exposure to sophisticated vocabulary words and storybook 
reading have all been linked to vocabulary growth in preschool children (Dickinson & Porch, 
2011; Morgan & Meier, 2008; Senechal & LaFevre, 2002).  The important role that vocabulary, 
both expressive and receptive, plays in learning to read makes it essential to provide intervention 
to those students who have delays in vocabulary development during preschool.   
Response to Intervention in Preschool  
 Problem-solving models such as Response to Intervention (RTI) are increasingly being 
used in preschool settings to identify students who have delays or are at-risk for delays in 
vocabulary development, and other domains of early literacy, and provide them with additional 
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instruction (Bayat et al., 2010; Greenwood, Bradfield, Kaminski, Linas, Carta, & Nylander, 2011; 
Stage et al., 2003). RTI is a multi-tiered framework for identifying children who are not making 
adequate progress in the general classroom. These children are then provided with increasingly 
intense interventions based on their specific needs (Fuchs & Fuchs, 2007; Vaughn & Fuchs, 
2003).   
 In an RTI system, it is assumed that the general classroom, or Tier 1, is using evidence-
based curriculum and best practices for preschool classrooms (Fuchs & Fuchs, 2007).  All 
students in the classroom are screened in order to identify students who are at-risk for delays in a 
specific skill (i.e. vocabulary) and are not making adequate progress in the general classroom.  
Students who are identified as at-risk by the screening measure are provided with increasingly 
intense tiers of instruction.  The intensity of instruction is increased by providing increasingly 
individualized instruction targeted at a specific domain. The second tier often consists of small 
group instruction and the third tier often consists of one-on-one instruction.  The progress of 
students being targeted with additional instruction is continuously monitored in order to adjust the 
level of instruction to the individual needs of the student.  For example, if a student in a second 
tier intervention does not make progress in the skill they should be provided with a more intense 
third tier intervention (Bayat et al., 2010; Fuchs & Fuchs, 2007). 
 The cornerstone of an effective RTI system is an accurate screening measure (Glover & 
Albers, 2007; Jenkins et al., 2007; Johnson et al., 2009; Johnson et al., 2010).  Arguably one of 
the most important technical characteristics of a screening measure used in an RTI system is its 
ability to discriminate between students who are not making adequate progress in a specific skill 
and those who are (Glover & Albers, 2007; Johnson et al., 2010).  Although screening measures 
are not intended to assess progress in the same way that a progress monitoring measure would, 
not passing a screening measure can represent inadequate progress in the general classroom.  It is 
thought that students with low abilities are on a trajectory that puts them at risk for later delays.  
The point-in-time assessment provided by a screening measuring represent inadequate progress in 
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the general classroom because it infers a low-performing trajectory.  This ability to discriminate 
is referred to as classification accuracy.  
 There are currently only two studies that investigate the classification accuracy of 
screening measures used to measure early literacy skills in preschool classrooms (Wilson & 
Lonigan, 2010).  In the first of these studies 176 children aged 42 to 55 months of age were 
administered three measures of early literacy skills, the Get Ready to Read! Screening Tool 
(GRTR; Whitehurst & Lonigan, 2001), the Individual Growth and Development Indicators 
(IGDIs; McConnell, 2002), and the Test of Preschool Early Literacy (TOPEL; Lonigan, et al., 
2007) in order to evaluate the effectiveness of GRTR and the IGDIs as screening measures.  
Results indicated that GRTR had better test-retest reliability and concurrent validity with the 
TOPEL compared to the IGDIs (Wilson & Lonigan, 2009).  The second study, the same three 
measures were used to create Receiver Operating Characteristic (ROC) curves in order to further 
evaluate the effectiveness of GRTR and the IGDIs for use as a screening measure of early literacy 
in preschool.   The ROC curves revealed that sensitivity values for GRTR ranged from .90-.95 
and from .15-.69 for the IGDIs.  Specificity values for GRTR ranged from .15-.69 and from .06-
.40 for the IGDIs, indicating that although GRTR has higher sensitivity and specificity values, 
they both demonstration some limitations in terms of their ability to be used as screening 
measures (Wilson & Lonigan, 2010).     
 A handful of studies investigating the classification accuracy of screening measures of 
language and early literacy skills for kindergarten students using the Dynamic Indicators of Basic 
Early Literacy Skills (DIBELS; Kaminski & Good, 1996) have been done.  Direct comparisons 
cannot be made between these studies on older kindergarten students and preschool students.  
However, the results of the studies with kindergarten students can be used as a reference for 
expected results and for guidance in the need for continued investigation.  Sensitivity values (the 
ability of a screening measure to identify those at-risk for delays) above .8 have been reported for 
the DIBELS in studies using kindergarten and first grade students with a number of different 
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criterion measures.  For example, the initial sound fluency measure was found to have a 
sensitivity of 1.00 with the Comprehensive Test of Phonological Processing (CTOPP) 
phonological awareness component and a sensitivity of .91 with the CTOPP phonological 
memory composite (Elliott, Huai, & Roach, 2007).  In a separate analysis, Hintze, Ryan and 
Stoner (2003) found sensitivity values ranging from .80 to 1.00 between phonemic segmentation 
fluency and the CTOPP with kindergarten students.  
 The results of previous studies on early literacy screening measures for preschool and 
kindergarten students identified a number of important considerations.  First, in general there is 
very limited research on screening measures that include an analysis of classification accuracy 
(Glover & Albers, 2007).  Only two studies exist on the use of preschool screening measures and 
one of them does not include direct measures of classification accuracy.  Second, although the 
reported sensitivity values for these screening measures are high, there is still much variability 
reported within the screening measures (Elliott et al., 2007; Glover & Albers, 2007; Wilson & 
Lonigan, 2009; Wilson & Lonigan, 2010).  For example, specificity values (the ability of a 
screening measure to identify those not at-risk for delays) in the study conducted by Wilson and 
Lonigan (2010) were found to range from only .06 to .69. 
 These limitations can be used to highlight the important practical implications for 
evaluating the classification accuracy of early literacy screening measures being used in 
preschool RTI systems.  In order for an RTI system to work effectively it is necessary that the 
screening measure be as accurate as possible (Elliot et al., 2007; Glover & Albers, 2007; Johnson 
et al, 2009; Johnson et al., 2010).  Screening errors in an RTI system are likely to have the largest 
impact on the students who are truly at-risk (Glover & Albers, 2010; Johnson et al., 2010).  When 
a screening measure has low sensitivity it means that students who are at-risk may miss out on the 
additional instruction they need in order to not fall further behind (Elliot et al., 2007; Glover & 
Albers, 2007; Johnson et al, 2009; Johnson et al., 2010).  When a screening measure has low 
specificity it means that unnecessary strain is being placed on already limited classroom resources 
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and at-risk students may not receive additional instruction at all or if they do it may be diluted and 
less effective in reducing the gap in their ability (Johnson et al., 2010).   
 Evaluations of the classification accuracy of screening measures used in preschool RTI 
systems will allow teachers to select the most accurate measures available (Elliot et al., 2007).  
There are a number of types of validity evidence that can be used when evaluating a screening 
measure.  These include classification accuracy or predictive validity along with criterion validity 
and construct validity (Glover & Albers, 2007).  Other types of validity evidence, such as 
criterion, can be useful in selecting measures that hold promise as screening measures (Elliot et 
al., 2007; Glover & Albers, 2007; Jenkins et al., 2007).  These measures of validity are important 
in selecting potential screening tools because they provide information on the measures ability to 
assess the construct in question.  However, classification accuracy has been shown to hold an 
advantage over other types of validity evidence when selecting screening measures for use in an 
RTI system because it is the only type of validity evidence that evaluates a measures ability to 
discriminate between students who are not making adequate progress in a specific skill and those 
who are (Elliot et al., 2007; Glover & Albers, 2007; Jenkins et al., 2007; Speece, 2005).   
Classification Accuracy  
 There are a number of statistics available to evaluate the accuracy of a screening 
measure.  In order to calculate any of these statistics it is necessary to compare the results of the 
screening measure to some measure of "truth" (Metz, 1978).  For educational screening measures, 
the most common measure of "truth" is the student's performance on a criterion measure (Johnson 
et al., 2009).  Performance on a criterion measure is used to judge whether the student is at-risk 
for poor outcomes or not.  Students who fail the criterion measure are considered at-risk for poor 
outcomes in the specific domain measured by the test.  For example, scores on DIBELS measures 
were compared with scores on the Comprehensive Test of Phonological Processing (CTOPP), a 
published, norm-referenced test of phonological processing, in order to evaluate the classification 
14 
 
accuracy of the DIBELS (Hintze et al., 2003).  All classification accuracy statistics are calculated 
post hoc, after both the screening measure and the criterion measure have been administered.  
 Classification accuracy analyses that include sensitivity and specificity values are the 
most commonly used statistics to evaluate the accuracy of a screening measure (Hintze et al., 
2003; Jenkins et al., 2007; Johnson et al., 2009; Johnson et al., 2010).  Overall classification 
accuracy is the percentage of students who are correctly classified by the screener, meaning the 
student is given the same risk status by both the screener and criterion measure.  In order to 
calculate the overall classification accuracy it is necessary to determine the sensitivity and 
specificity of the screening measure.  Sensitivity refers to the screeners' ability to identify 
students who will fail the criterion measure and should be considered at-risk for poor outcomes.  
Specificity refers to the screeners' ability to identify students who will pass the criterion measure 
and should not be considered at-risk for poor outcomes.   
 In order to calculate sensitivity and specificity, students are classified into one of four 
categories: (1) true positives, those identified by both the criterion measure and screening 
measure as at-risk for poor outcomes, (2) true negatives, those identified by both the criterion 
measure and screening measure as not at-risk for poor outcomes, (3) false positives, those 
identified by the screening measure as at-risk and as not at-risk by the criterion measure, and (4) 
false negatives, those identified by the screening measure as not at-risk and as at-risk by the 
criterion measure. Sensitivity is calculated by dividing the number of students identified by the 
screener as at-risk (true positives) by the number of students truly at-risk (true positives + false 
negatives).  Specificity is calculated by dividing the number of students identified by the screener 
as not at-risk (true negatives) by the number of students truly not at-risk (true negatives + false 
positives).  Classification accuracy is calculated by adding the number of true positives and true 
negatives and dividing by the total number of students.   
 The perfect screener would have a classification accuracy of 100%, accurately identifying 
all students who are at-risk for poor outcomes and all students who are not.  However, ever-
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present measurement error and difficulties inherent in measuring the abilities of young children 
make the identification of a perfect screener highly unlikely (Jenkins et al., 2007).   
When using a screening measure as a part of an RTI system, it is therefore, important to 
determine the best trade-off between sensitivity and specificity.  Having low sensitivity means 
that many students who are at-risk for poor outcomes are not being identified by the screener, 
while having low specificity means that many students who are not at-risk for poor outcomes are 
being identified as needing additional instruction.  In an RTI system the negative consequences of 
not providing additional instruction to those who need it most generally out-weigh the possibility 
of providing additional instruction to those who may not need it.  This places an important 
emphasis on ensuring that screening measures have a relatively high sensitivity (Jenkins et al., 
2007).  Research suggests that accurate screening measures will have sensitivity values as high as 
90% in order to make sure that students who need additional instruction most will not be missed 
(Johnson et al., 2009; Jenkins et al., 2007).           
 Another common statistical method used to determine the accuracy of a screening 
measure is analysis of receiver operating characteristics (ROC).  ROC analysis is often used in 
combination with classification accuracy statistics (Hintze et al., 2003; Roehrig, Petscher, Nettles, 
Hudson, & Torgesen, 2008).  Sensitivity and specificity can be difficult to interpret on their own 
and have limited usefulness without information on the associated cut scores (Johnson et al., 
2009).  ROC analysis can be used to determine cut scores or "cut off" points (Fan, Upadhye, & 
Worster, 2006).  "Cut off" refers to the score on the screening measure that results in the best 
discrimination between students at-risk (i.e., those scoring below the cut off) and students not at-
risk (i.e., those scoring above the cut off).  Ideally, the best "cut off" can be determined by 
locating the point on the ROC curve that is highest on the vertical axis and furthest to the left on 
the horizontal axis.  However, the perfect balance between sensitivity and specificity is unlikely 
to occur.  When determining a "cut off" for use in an RTI model where one is most concerned 
with ensuring that students who are most in need of additional services are identified, 
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investigators can use the ROC curve to find the "cut off" where sensitivity is highest.  This helps 
avoid the negative consequences of not identifying a student who is in need of additional 
instruction.  
 The ROC curve is a graphic representation of the sensitivity and specificity of a screening 
measure and criterion measure across the full scale measured.  The vertical axis of a ROC curve 
represents the sensitivity (on a scale from 0.0 to 1.0) and horizontal axis of a ROC curve 
represents the specificity (on a scale from 0.0 to 1.0).  The ROC curve runs on this plane from the 
point (0,0) to the point (1,1).  The shape of this curve demonstrates the screening measures ability 
to discriminate between students at-risk for poor outcomes and those not at-risk (Fan et al., 2006; 
Metz, 1978; Weinstein, Berwick, Goldman, Murphy, & Barsky, 1989).  For example, if the ROC 
curve is a diagonal line from point (0,0) to point (1,1)  the screening measure would have no 
ability to discriminate between students at-risk and those not at-risk.  This diagonal line would 
represent a classification accuracy of 50% meaning that the likelihood the screening measure 
correctly identifies a student as either at-risk or not at-risk is no better than guessing.  ROC curves 
for screening measures that have at least some ability to discriminate students at-risk from those 
who are not at-risk will be convex toward the upper left corner of the plane.  The closer this apex 
gets to the upper left corner, the better the screening measure's ability to discriminate (Fan et al., 
2006; Weinstein et al., 1989).  
 ROC analysis also provides an additional statistic referred to as the Area Under the ROC 
Curve (AUC).  The AUC is a statistical representation of the screening measures ability to 
discriminate.  The AUC values can range between 1.0 and 0.5.   A screening measure with perfect 
discrimination (i.e., sensitivity and specificity of 1.00) would have an AUC value of 1.0, and a 
screening measure with no ability to discriminate would have an AUC value of 0.5 representing 
50% sensitivity and 50% specificity.  Research suggests that AUC values that are less than 0.75 
are not useful screening measures, while an AUC value of 0.97 would be a screening measure 
that has a very high ability to discriminate (Fan et al., 2006; Weinstein et al., 1989).       
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Individual Growth and Development Indicators  
 The Early Language and Literacy Individual Growth and Development Indicators 
(IGDIs; McConnell et al., 2002) are measures that have demonstrated utility for use in a problem-
solving model such as RTI (McConnell & Missall, 2008; Missall et al., 2008; Missall, 
McConnell, & Cadigan, 2006).  IGDIs were developed to meet the hallmark characteristics of 
General Outcomes Measurement (GOM; Fuchs & Deno, 1991).  GOMs are brief, easy-to-
administer, easy-to-interpret, related to long term goals, reliable, valid, inexpensive, and sensitive 
to growth over time making them especially useful in an RTI system (Deno, 1997; Fuchs & 
Deno, 1991).  The use of IGDIs allows teachers to quickly and effectively assess students, 
identify those who most need additional instruction, and monitor the progress of those students 
while they receive more intense instruction.   
 Picture Naming 1.0 was the first IGDI designed to assess oral language.  Picture Naming 
1.0 has adequate psychometric properties, as well as high feasibility and utility (McConnell et al., 
2002).  Picture Naming 1.0 has relatively high criterion validity, with correlations ranging from 
.56 to .75 with the Peabody Picture Vocabulary Test and from .63 to .79 with the Preschool 
Language Scale (McConnell et al., 2002) and sensitivity to differences due to chronological age 
(Missal et al., 2008).  Picture Naming 1.0 has also been shown to be a predictor of reading 
performance through the end of first grade (Missall, et al., 2007).   
However, Picture Naming 1.0 has a number of limitations.  Although, there is no 
information on the internal consistency of Picture Naming 1.0 scores, evidence exists to suggest 
that there is relatively high errors within individuals scores on Picture Naming 1.0.  Test-retest 
values, which can be used to represent the stability or consistency of scores has been reported to 
be .67, which is relatively low, especially for making placement decisions (McConnell & Missall, 
2008).   Unstable scores reduce confidence in the accuracy of the scores ability to reflect the 
students’ "true" ability.  Sensitivity, specificity, and overall classification accuracy statistics are 
dependent on the assumption that scores on the screening measure and criterion measure are 
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representative of the students' "true" ability.  Unstable scores indicate that students may be 
receiving scores that are not representative of their abilities.  If a student receives a score that is 
higher than their actual ability they may be incorrectly identified as not at-risk, reducing the 
measures specificity.  If a student receives a score that is lower than their actual ability they may 
be incorrectly identified as at-risk, reducing the measures sensitivity.  The standardized 
instructions for Picture Naming 1.0 require that a large set of 100 items be randomly shuffled 
before each administration.  Shuffling before each administration results in a lack of control over 
item difficulty because each administration uses a variable set of items.  If one of these variable 
sets of items contains a majority of items that are above the ability level of the child, the child 
may receive a lower score than is representative of their ability and thereby be incorrectly 
identified as at-risk, reducing the sensitivity of the measure.  At the same time a set of cards may 
contain a majority of items that are below the ability level of the child and the child may receive a 
higher score than is representative of their ability and be incorrectly identified as not at-risk, 
reducing the specificity of the measure.  In addition to these limitations, the pictures used on 
Picture Naming 1.0 cards are very out-dated and contain a high amount of construct irrelevant 
features (Bradfield et al., 2013).  Lack of control over the difficulty of the items and the low 
quality images generally reduces the quality of the measure and also likely impacts the measures 
classification accuracy.   
 Through the support of the Center for Response to Intervention in Early Childhood 
(CRTIEC) Picture Naming 2.0 was developed by refining Picture Naming 1.0 (Bradfield et al., 
2013).  In initial studies of Picture Naming 2.0 correlations with criterion measures were high (r = 
.65).  However an analysis of growth indicated that Picture Naming 2.0 was limited in its ability 
to detect growth over time (Bradfield et al., 2013).  In order to address the limitations of Picture 
Naming 1.0, item images were updated, new items were created, and a Rasch model was used to 
determine the difficulty of each item.  Seasonal assessment bundles were created to specifically 
target the abilities of children in their P4 year. 
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 In order to develop cut scores for use with Picture Naming 2.0 in an RTI system a 
Performance Level Descriptor (PLD) teacher survey was developed and a contrasting groups 
design was used (Bradfield et al., 2013).  The PLD survey asked teachers to review an operational 
definition of a domain of early literacy, such as oral language, and use their knowledge of a 
student’s performance to identify students who were making adequate progress in the general 
classroom, students who needed moderate support, or students who needed a significant level of 
additional support.  A contrasting group design was then used to compare IGDI score with PLD 
survey results to find the point on the IGDI score scale that maximally discriminates children 
based on teacher’s knowledge of their performance (Bradfield et al., 2013).  No previous 
investigations have evaluated the classification accuracy of Picture Naming 2.0.   
Purpose 
 The purpose of this study is to evaluate the intervention placement decisions or 
classification accuracy of Picture Naming 1.0 and Picture Naming 2.0 in an RTI framework.    
Picture Naming 2.0 was designed to improve on the limitations of Picture Naming 1.0 with the 
hope of more accurately identifying students who need additional instruction.  A comparison of 
the accuracy of the two measures will provide evidence to support the improvements made to 
Picture Naming 2.0 and provide teachers and school administrators with information on which 
measure is best suited to their needs.  Teachers need accurate screening measures in order to 
identify children not making adequate progress in the vocabulary development so that additional 
instruction can be provided.  For preschool students at-risk for reading delays because of a deficit 
in vocabulary, this early intervention is paramount in helping them to be ready for kindergarten 
and not continue to fall behind.   In order to address these issues the following research questions 
will be addressed: 
1. How does the classification accuracy vary across Picture Naming 1.0, Picture Naming 2.0 and 
criterion measures (the PPVT-IV and the PLD)? 
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 a. What is the classification accuracy for Picture Naming 1.0 with the PPVT-IV as a 
criterion measure? 
 b. What is the classification accuracy for Picture Naming 2.0 with the PPVT-IV as a 
criterion measure?  
 c. What is the classification accuracy for Picture Naming 1.0 with the PLD as a criterion 
measure? 
 d. What is the classification accuracy for Picture Naming 2.0 with the PLD as a criterion 
measure? 
 e. How does the classification accuracy using the PPVT and PLD differ across versions 
of Picture Naming? 
2. To what extent do the groups (students making adequate progress in the general classroom and 
those needing additional intervention) identified by Picture Naming 1.0 and Picture Naming 2.0 
differ?  
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Chapter 3 
Methods 
Participants and Setting 
Preschool students from two suburban school districts and five child care centers near a 
metropolitan area in Minnesota participated in this study.  School districts that currently use 
Picture Naming 1.0 as one of the screening measures included in their assessment system were 
recruited first.  It was thought by the principal investigator that recruiting these districts would 
reduce the data collection effort because some data collection would already be occurring as part 
of standard procedures.  However, in order to obtain a large enough sample size, additional child 
care centers that do not use Picture Naming 1.0 as part of their assessment system were also 
recruited for participation.  
Inclusion criteria for students required that they be in their P4 year of preschool, meaning 
that they would be entering Kindergarten the following school year. Consent forms were sent 
home with the students who met this criterion and were collected by classroom teachers or center 
directors.  Students in their P4 year were selected because the cut scores calculated for use with 
Picture Naming 2.0 were created for this age group.  
 A total of 111 children participated in this study; demographic information is summarized 
in Table 1. Information on age and gender was collected on the consent form.  The sample 
included similar proportions of boys and girls and the majority of children were age 4.  The 
minimum age in months was 43 months, the maximum age in months was 66 months and the 
average age in months was 55 months.  As part of the Performance-Level Descriptor (PLD) 
survey, teachers provided information on if the child spoke a language other than English (ELL) 
or if the child had an Individualized Education Plan (IEP). 12% of the sample spoke languages 
other than English at home, and less than 10% were noted to be receiving special education 
services.  Five of the nine children with an IEP were reported to have a speech/language 
disability, 3 were reported to have a diagnosis of Autism, and 1 was reported to have an 
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emotion/behavior disorder.  Information on the specific languages spoken at home was not 
collected.  There was one child who was reported to have both an IEP and speak a language other 
than English at home.    
Table 1. 
Sample Demographics 
Gender  
Male 53 
Female 58 
Age  
3 years 
4 years 
6 
91 
5 years 14 
ELL  
Yes 14 
No 97 
IEP  
Yes 9 
No 102 
  
Total (N) 111 
  
Measures 
Picture Naming 1.0.  During Picture Naming 1.0, the child is presented with pictures of 
common objects and asked to name the pictures as quickly as possible.  Pictures are presented 
one at a time on 8.5 x 5.5 inch cards.  The set of cards contains items that are thought to range 
from easy to difficult (McConnell et al., 2002). The deck of cards was shuffled before each 
administration.  Before beginning the assessment, the administrator read standardized directions 
to the child and modeled the task by showing the child four sample cards and naming them. The 
child was then given the opportunity to name the same four sample cards and corrective feedback 
was provided if necessary.  If the child correctly named the four sample cards, the examiner says: 
“Look at the cards and name these pictures,” and starts timing for 1 minute.   
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Criterion correlations for Picture Naming 1.0 range from .56 to .75 with the Peabody 
Picture Vocabulary Test and from .63 to .79 with the Preschool Language Scale (McConnell et 
al., 2002).   Picture Naming 1.0 has demonstrated test-retest reliability (r = .67) (Missal et al., 
2008).   Score on Picture Naming 1.0 is a count of the number of cards correctly labeled.   
For analysis purposes, tier recommendations based on Picture Naming 1.0 were made 
using norms established by Roseth, Missall, and McConnell (2012).  The upper cut score 
associated with children who are 48 months of age was selected as the cut-score for purposes of 
this study to recommend Tier 1 or not at-risk (18 or above) and Tier 2/3 or at-risk (17 or less) for 
each student.  In order to be eligible for kindergarten, a student needs to 5 years of age by 
September 1st.  Although age at the beginning of the P4 year can vary, the cut-score associated 
with 48 months was selected so that a consistent cut-score would be used for all students.   
Picture Naming 2.0.  During Picture Naming 2.0, the child was also presented with 
pictures of common objects, one at a time on 8.5 x 5.5 cards, and asked to name the pictures.  
There are three sets of IGDI 2.0 cards made up of 15 cards each.  The sets are designed to be used 
as seasonal assessment bundles in the fall, winter, and spring of the P4 year.  The 15 items 
included in each set were selected using a Rasch model to target the range of expected preschool 
student ability at each of the seasonal assessment points.   
Before beginning the assessment, the administrator read standardized directions to the 
child and modeled the task by naming two sample cards.  The child was then given the 
opportunity to name two additional samples with corrective feedback if necessary.  If the child 
correctly named the two samples cards, the 15 cards were administered in order.   
Reliability estimates are not yet available for this measure; however, using a similar set 
of Picture Naming 2.0 cards with preschool students resulted in a criterion-correlation of .65 with 
the PPVT-IV (Bradfield et al., 2013).  Score on Picture Naming 2.0 is a count of the number of 
cards correctly labeled.   For analysis purposes, cut ranges identified for the use with fall 
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assessment bundle were used to recommend Tier 1 or not at-risk (8-15) and Tier 2/3 or at-risk (7 
or less) for each student.  
Performance-Level Descriptors.  The Performance-Level Descriptors (PLD) survey was 
designed to collect information on the teachers’ perception of the child’s ability or skill level 
based on an operational definition of the domain written by content experts as part of the research 
conducted by the Center for Response to Intervention in Early Childhood (CRTIEC - see 
Appendix A).  Teachers were asked to read this operational definition of the domain and then, 
using their knowledge of each student, determine if the student had significant difficulty, 
moderate difficulty, or little to no difficulty in the domain described in the operational definition.  
Reliability estimates are not available for this measure.  Tier recommendations were made using 
the PLD by grouping participants based on the teachers’ evaluation.  An evaluation of little to no 
difficulty was considered Tier 1 or not at-risk and moderate or significant difficultly was 
considered Tier 2/3 or at-risk.    
Peabody Picture Vocabulary Test (PPVT-IV). The Peabody Picture Vocabulary Test, 
Fourth Edition (PPVT-IV; Dunn & Dunn, 2007) is an individually administered, norm-referenced 
test of vocabulary comprehension which primarily includes nouns, actions, and adjectives. The 
PPVT-IV is a reliable measure of vocabulary, with normative data from 3,500 children yielding 
reliability and validity coefficients in the .90s range.  The administrator orally presents a spoken 
word along with a set of four pictures, and the child is asked to select the picture that represents 
the word’s meaning.  Administrators used the PPVT-IV protocol to determine the child’s standard 
score.   
The PPVT-IV was chosen as one of the criterion measures for this analysis because it is 
one of the most commonly used measures of preschool vocabulary comprehension and is often 
considered the gold standard criterion measure (Hoffman, Templin, & Rice, 2012; Pae, 
Greenberg, & Morris, 2012).  Although an updated version of the PPVT is available, the PPVT-
V, the PPVT-IV was selected for use in this study because all previous studies involving Picture 
25 
 
Naming 1.0 and Picture Naming 2.0 used the PPVT-IV.   The PPVT has high test-retest reliability 
(.91-.94) and high criterion validity (.63-.92) (Dunn & Dunn, 2007).  Along with adequate 
psychometric properties, the PPVT has been widely used to determine eligibility for 
interventions, to identify children at risk for vocabulary delay, has been shown to be well-suited 
as measure of vocabulary for students with language delays, and can accurately measure growth 
in vocabulary (Hoffman et al., 2012; Pae et al., 2012).          
For analysis purposes, tier recommendations were made with the PPVT-IV by applying 
the typical percentages of tier placements in an RTI model with standard scores of the PPVT-IV.  
In a typical RTI model around 80% of children will be good candidates for Tier 1, 15% of 
children will be good candidates for Tier 2 and about 5% of children will be candidates for Tier 3 
(Fuchs & Fuchs, 2007).  A standard score of 88 corresponds to the 20
th
 percentile on the PPVT-
IV so participants with standard scores of 88 or higher were considered good candidates for Tier 
1 or not at-risk and participants with standard scores less than 87 were considered candidates for 
Tier 2/3 or at-risk.     
Procedures 
Classroom teachers and other relevant school personal who would be assessing 
participants were provided with training by the investigator.  The important differences and 
similarities between Picture Naming 1.0 and Picture Naming 2.0 were covered as well as training 
on the administration of Picture Naming 1.0 and Picture Naming 2.0.  For graduate students this 
training also included the administration of the PPVT-IV.  Following the training, the investigator 
checked classroom teachers and graduate students for fidelity of administration.  To check 
fidelity, administrators practiced administering each measure to the principal investigator.  The 
principal investigator used a checklist to determine administration accuracy (see Appendix B).  At 
least 90% accuracy was required in order for an administrator to be considered reliable.  If 
necessary, corrective feedback was provided and the administrator was allowed a second 
opportunity, however all administrators passed on the first attempt. 
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For participants in child care centers. Graduate students administered Picture Naming 
1.0, Picture Naming 2.0, and the PPVT-IV to each student whose parent provided consent to 
participate.  The administration of Picture Naming 1.0 and 2.0 were counter-balanced so that one 
half, selected randomly, of all participants had Picture Naming 1.0 administered first and the 
other half had Picture Naming 2.0 administered first.  After the assessments had been 
administered, the student was allowed to select a small prize, such as a bouncy ball or temporary 
tattoo, from a prize bag.  Teachers completed a PLD for each student whose parent had provided 
consent.  The administration of the PPVT-IV, Picture Naming 1.0, Picture Naming 2.0, and the 
completion of the PLD occurred within no more than two weeks of each other.      
For participants in the school district. During the established fall assessment window, 
classroom teachers administered Picture Naming 1.0 to all students in their classrooms as directed 
by their district.  Classroom teachers also administered Picture Naming 2.0 to all students whose 
parent had provided consent during this same assessment period.  The administration of Picture 
Naming 1.0 and 2.0 was counter-balanced so that every other student had Picture Naming 1.0 
administered first and every other student had Picture Naming 2.0 administered first. During the 
same time graduate students administered the PPVT-IV to all students whose parent had provided 
consent.  After the PPVT-IV had been administered, the student was allowed to select a small 
prize, such as a bouncy ball or temporary tattoo from a prize bag.  Teachers completed a PLD for 
each student whose parent had provided consent.  The administration of the PPVT-IV, Picture 
Naming 1.0, Picture Naming 2.0, and the completion of the PLD occurred within no more than 
two weeks of each other.      
 Data Analysis   
 In order to answer the first research question regarding how classification accuracy varies 
across versions of Picture Naming and criterion measures a series of classification accuracy 
analyses were conducted using Picture Naming 1.0 and Picture Naming 2.0 as predictor variables 
and the PPVT-IV and PLD as criterion measures.  These analyses were conducted to examine the 
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sensitivity, specificity, positive predictive power, negative predictive power, and overall correct 
classification (see Table 2) of each version of Picture Naming with both the PPVT-IV and the 
PLD.  An additional series of analyses were conducted in order to create Receiver Operating 
Characteristic (ROC) curves.  The ROC curve is a graphic representation of sensitivity and 
specificity with sensitivity or true-positives on the vertical axis and 1-specificty or false-positives 
on the horizontal axis.  ROC curves were created for each version of Picture Naming with both 
the criterion measures.  
Table 2. 
Formulas for Classification Accuracy Analysis 
Picture Naming 
 
Criterion Measure 
At Risk Not At Risk 
At Risk 
 
a 
 
b 
Not At Risk c d 
 
Sensitivity = a/(a+c)  
Specificity = d/(b+d)  
Positive Predictive Power = a/(a+b)  
Negative Predictive Power = d/(c+d)  
Overall Classification Accuracy = (a+d)/N  
  
 To address the second research question on the extent to which the students making 
adequate progress in the general classroom and those needing additional intervention differ an 
examination of demographic information was conducted.  First, differences in the number of 
students who were identified as at-risk and those identified as not at-risk who also have 
Individualized Education Programs and those who are English Language Learners were 
examined.  Second, a series of independent samples t-tests were conducted in order to compare 
differences in scores on both versions of Picture Naming for those students classified as at-risk 
and not at-risk by Picture Naming 1.0, Picture Naming 2.0, and the PPVT-IV. 
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Chapter 4 
Results 
Descriptive Statistics 
 Table 3 contains the descriptive statistics for all children on both versions of Picture 
Naming and the PPVT-IV.  Both versions of Picture Naming had standard deviations less than 
half the observed sample mean, and all estimates of skew and kurtosis were less than 1. None of 
the participants failed to answer at least one of the items correctly.  
Table 3. 
Descriptive Statistics for Total Sample (N=111) 
Variable Mean (SD) Min. Max. Skew. Kurtosis 
PN 1.0 18.63 (6.65) 2 35 -.139 -.614 
PN 2.0 8.41 (3.61) 1 15 -.333 -.773 
PPVT-IV 101.87 (19.83) 28 146 -.698 .927 
Note. Picture Naming 1.0 is abbreviated “PN 1.0”, Picture Naming 2.0 is abbreviated “PN 2.0”, 
Peabody Picture Vocabulary Test is abbreviated “PPVT-IV” 
  
 Table 4 shows correlations between each measure included in the study, including 
criterion measures.  The highest correlation was between Picture Naming 1.0 and Picture 2.0, r = 
.648 (p < .01).  The lowest correlation was between Picture Naming 2.0 and the PLD, r=-.349 (p 
< .01).  The PPVT-IV had the highest criterion correlation with both Picture Naming 1.0, r=.568 
(p < .01) and Picture Naming 2.0, r = .634 (p < .01).   
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Table 4.  
Correlations Between Each Measure 
 PN 1.0 PN 2.0 PPVT-IV PLD 
PN 1.0 -    
PN 2.0 .648** -   
PPVT-IV .568** .634** -  
PLD -.527** -.349** -.456** - 
**p<.01 Note. Picture Naming 1.0 is abbreviated “PN 1.0”, Picture Naming 2.0 is abbreviated 
“PN 2.0”, Peabody Picture Vocabulary Test is abbreviated “PPVT-IV”, Performance Level 
Descriptor survey is abbreviated "PLD" 
 
Classification Accuracy 
 In order to examine the classification accuracy of both Picture Naming 1.0 and Picture 
Naming 2.0 a series of analyses were conducted using each both versions of Picture Naming as 
the predictor variable and the PPVT-IV and the PLD as the criterion measure.  The purpose of 
these analyses was to determine the sensitivity, specificity, predictive power, and overall 
classification accuracy of each version of Picture Naming.   
 The results of these analyses are presented in Tables 5, 6, and 7.  Table 5 presents a 
matrix of tier recommendations for students based on comparisons between Picture Naming 1.0 
tier recommendations and PPVT-IV and PLD tier recommendations.  Picture Naming 1.0 and the 
PPVT-IV recommended the same 20 students for Tier 2/3 placement, and the same 57 students 
for placement in Tier 1.  Picture Naming 1.0 and the PPVT-IV disagreed on a total of 34 students.  
Picture Naming 1.0 recommended 28 students be placed in Tier 2/3that the PPVT-IV 
recommended as Tier 1.  Also, Picture Naming 1.0 recommended 6 students as Tier 1 that the 
PPVT-IV recommended be placed in Tier 2.3.  Picture Naming 1.0 and the PLD agreed that 27 
students were good candidates for Tier 2/3 and 51 students were good candidates for Tier 1.  
Picture Naming 1.0 and the PLD disagreed on a total of 33 students.  Picture Naming 1.0 
recommended 21 students be placed in Tier 2/3 that the PLD recommended as Tier 1.  Also, 
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Picture Naming 1.0 recommended 12 students as good candidates for Tier 1 that the PLD 
recommended be places in Tier 2.3.    
 As can be seen in Table 7 Picture Naming 1.0 has a relatively high sensitivity given the 
PPVT-IV as the criterion measure (.71), but a lower sensitivity, not much better than chance 
(.56), given the PLD as the criterion measure.  However, Picture Naming 1.0 does have high 
specificity to scores given both the PPVT-IV and the PLD as criterion measures (.91 and .81 
respectively).  Additionally, Picture Naming 1.0   demonstrated a high ability to accurately 
predict who is likely to be at risk and who is not at risk (positive predictive power given the 
PPVT-IV and PLD are .77 and .69 respectively and negative predictive power with the PPVT-IV 
and PLD are .67 and .71 respectively).  The overall ability of Picture Naming 1.0 to predict a 
student's risk based on PPVT-IV and PLD scores is very similar and relatively high (.69 and .70 
respectively). 
 Table 6 presents a matrix of tier assignment for students based on comparisons between 
Picture Naming 2.0 tier assignments and PPVT-IV and PLD tier assignments.  Picture Naming 
2.0 and the PPVT-IV agreed that 24 students were good candidates for Tier 2/3 and 68 students 
were good candidates for Tier 1.  Picture Naming 2.0 and the PPVT-IV disagreed on a total of 17 
students that Picture Naming 2.0 recommended be placed in Tier 2/3 that the PPVT-IV 
recommended as Tier 1.  Picture Naming 2.0 and the PLD agreed that 21 students were good 
candidates for placement in Tier 2/3, and 52 students were good candidates for Tier 1.  Picture 
Naming 2.0 and the PLD disagreed on a total of 38 students.  Picture Naming 2.0 recommended 
20 students be placed in Tier 2/3, at-risk, that the PLD recommended as Tier 1.  Also, Picture 
Naming 2.0 recommended 18 students to Tier 1that the PLD recommended as good candidates 
for Tier 2.3.    
 As can be seen in Table 7Picture Naming 2.0 has lower sensitivity to scores given the 
PPVT-IV (.59) and the PLD (.51) as criterion measures.  However, Picture Naming 2.0 has a 
better ability to identify those not at risk with higher specificity given both the PPVT-IV and the 
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PLD (.97 and .74 respectively) as criterion measures.    Picture Naming 2.0 has higher positive 
predictive power with the PPVT-IV (.92) than negative predictive power (.8).  With the PLD as 
the criterion measure, Picture Naming 2.0 had higher negative predictive power (.72) than 
positive predictive power (.54).  The overall ability of Picture Naming 2.0 to accurately identify 
those who are at risk and those who are not is higher than Picture Naming 1.0 given the PPVT-IV 
as criterion measure (.83), but lower given the PLD as criterion measure (.66). 
Table 5. 
Classification Accuracy of Picture Naming 1.0  
Picture Naming 1.0 
 
PPVT-IV 
 
At Risk 
 
Not At Risk 
 
Total 
At Risk 
 
n = 20 
 
 
n = 6 
 
n = 26 
Not At Risk 
 
n = 28 
 
 
n = 57 
 
n = 85 
 
Total 
 
n = 48 
 
n = 63 
 
N = 111 
 
 
 
Picture Naming 1.0 
 
PLD 
 
At Risk 
 
Not At Risk 
 
Total 
At Risk 
 
n = 27 
 
 
n = 12 
 
n = 39 
Not At Risk 
 
n = 21 
 
 
n = 51 
 
n = 72 
 
Total 
 
n = 48 
 
n = 63 
 
N = 111 
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Table 6. 
Classification Accuracy of Picture Naming 2.0  
Picture Naming 2.0 
 
PPVT-IV 
 
At Risk 
 
Not At Risk 
 
Total 
At Risk 
 
n = 24 
 
 
n = 2 
 
n = 26 
Not At Risk 
 
n = 17 
 
 
n = 68 
 
n = 85 
 
Total 
 
n = 41 
 
n = 70 
 
N = 111 
 
 
Picture Naming 2.0 
 
PLD 
 
At Risk 
 
Not At Risk 
 
Total 
At Risk 
 
n = 21 
 
 
n = 18 
 
n = 39 
Not At Risk 
 
n = 20 
 
 
n = 52 
 
n = 72 
 
Total 
 
n = 41 
 
n = 70 
 
N = 111 
Table 7.  
Sensitivity, Specificity, Positive Predictive Power, Negative Predictive Power, and Overall 
Classification Accuracy values for Picture Naming 1.0, Picture Naming 2.0, PPVT-IV, and the 
PLD 
 
Sensitivity Specificity Pos. Power Neg. Power 
Overall 
Accuracy 
PN 1.0      
PPVT .71 .91 .77 .67 .69 
PLD .56 .81 .69 .71 .70 
PN 2.0      
PPVT .59 .97 .92 .8 .83 
PLD .51 .74 .54 .72 .66 
Note. Positive Predictive Power is abbreviated "Pos. Power", Negative Predictive Power is 
abbreviated "Neg. Power", Picture Naming 1.0 is abbreviated “PN 1.0”, Picture Naming 2.0 is 
abbreviated “PN 2.0”, Peabody Picture Vocabulary Test is abbreviated “PPVT-IV” 
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 A series of Receiver Operating Characteristic (ROC) curves was also created in order to 
evaluate the ability of Picture Naming 1.0 and Picture Naming 2.0 to discriminate between those 
at-risk for delays and those not at-risk for delays.  The ideal ROC curve would move vertically 
from the lower left corner to the upper left corner where it would the move horizontally along the 
upper portion of the graph (Hintze, Ryan, & Stoner, 2003).  The closer the apex of the curve gets 
to the upper left corner the better the screener’s ability to discriminate.  The closer the ROC curve 
is to a diagonal line the lower the ability of the screener to discriminate.    Figures 1 through 4 
represent each version of Picture Naming with both PPVT-IV standard scores and PLD 
evaluations as criterion measures.  Table 8 provides the area under the ROC curve (AUC) values.  
AUC is a statistical representation of a screening measures ability to discriminate and values 
range between 1.0 and 0.5.  
Figure 1. ROC curve for Picture Naming 1.0 using PPVT-IV standard score as criterion measure. 
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Figure 2. ROC curve for Picture Naming 1.0 using PLD evaluation as criterion measure. 
 
 
Figure 3. ROC curve for Picture Naming 2.0 using PPVT-IV standard score as criterion measure. 
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Figure 4. ROC curve for Picture Naming 2.0 using PLD evaluation as criterion measure. 
 
 
Table 8. 
Comparisons of Area Under the Curve (AUC) values for each ROC curve 
 
  Two-Way Comparison, Z Statistic (P value) 
 
AUC (std. error) 
PN 1.0 
(PPVT) vs. 
PN 1.0 (PLD) 
PN 2.0 
(PPVT) vs. 
PN 2.0 (PLD) 
PN 1.0 
(PPVT) vs. 
PN 2.0 
(PPVT) 
PN 1.0 (PLD) 
vs. 
PN 2.0 (PLD) 
PN 1.0  .741 (.46) 3.826 (.00)** -1.44 (.15) 1.835 (.06) 
PPVT-IV .849 (.039)     
PLD .806 (.043)     
PN 2.0      
PPVT-IV .918 (.028)     
PLD .675 (.057)     
**p<.05  
Note. Area under the curve is abbreviated "AUC", Picture Naming 1.0 is abbreviated “PN 1.0”, 
Picture Naming 2.0 is abbreviated “PN 2.0”, Peabody Picture Vocabulary Test is abbreviated 
“PPVT-IV” 
 
 Visual analysis of the ROC curves depicted in Figures 1 through 4 shows that all 
combinations of measures demonstrate at least some ability to discriminate students at risk from 
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those not at risk, as none are diagonal lines.  Visual analysis of the ROC curves also suggests that 
Picture 1.0 has a similar ability to discriminate risk status as defined by the PPVT-IV and the 
PLD.  This is also demonstrated by similar AUC values for Picture Naming 1.0 and PPVT-IV 
(.849) and the PLD (.806).  However, visual analysis of the ROC curves for Picture Naming 2.0 
shows that Picture Naming 2.0 has a much better ability to discriminate risk status as defined by 
the PPVT-IV than it does for the PLD.  This can also be seen in AUC values.  The AUC values 
for Picture Naming 2.0 given the PPVT-IV (.918) are significantly higher than given the PLD 
(.675).    
 One function of a ROC curve is that it can be used to identify cut points or cut scores 
based on specific sensitivity and specificity values. Literature on classification accuracy and 
screening measures suggests that sensitivity and specificity values should be as high as 90% in 
order to be useful in an RTI system.  With this in mind, plots were created with sensitivity and 
specificity values across all Picture Naming scores.  These plots can be used to  identify new cut 
scores for each version of Picture Naming with sensitivity values as close to .9 as possible.  The 
plots are presented in Figures 5-8.  Visual analysis of these plots demonstrates how sensitivity 
and specificity values change based on Picture Naming.  These cut scores that were identified 
using these plots are displayed in Table 9.  The results indicate that selecting higher cut scores for 
each measure, with the exception of Picture Naming 2.0 given the PPVT-IV as the criterion 
measure, would result in higher sensitivity values.  The sensitivity values from the new cut scores 
range from .88 to .92. It can also be seen that the new cut scores result in significantly lower 
specificity values, ranging from .028 to ..329.  
 
 
 
 
37 
 
Figure 5. Sensitivity and Specificity values across Picture Naming 1.0 scores using PPVT-IV 
standard scores as criterion measure. 
 
Figure 6. Sensitivity and Specificity values across Picture Naming 1.0 scores using PLD 
evaluations as criterion measure. 
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Figure 7. Sensitivity and Specificity values across Picture Naming 2.0 scores using PPVT-IV 
standard scores as criterion measure. 
 
Figure 8. Sensitivity and Specificity values across Picture Naming 2.0 scores using PLD 
evaluations as criterion measure. 
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Table 9.  
Cut scores for each Picture Naming 1.0 and Picture Naming 2.0 identified by ROC analysis.  
 Initial Cut-Score New Cut-Score Sensitivity Specificity 
PN 1.0 18    
PPVT-IV  19 .885 .259 
PLD  22 .923 .139 
PN 2.0 8    
PPVT-IV  7 .923 .329 
PLD  12 .923 ..028 
Note. Picture Naming 1.0 is abbreviated “PN 1.0”, Picture Naming 2.0 is abbreviated “PN 2.0”, 
Peabody Picture Vocabulary Test is abbreviated “PPVT-IV” 
Differences Between Groups 
 In order to evaluate the potential differences between participants that Picture Naming 
1.0 and Picture Naming 2.0 classified as at-risk and not at-risk, differences in the demographics 
of each group were evaluated (see Table 10).  Of the 14 students who are English Language 
Learners Picture Naming 1.0 classified 10 (71%) as at-risk and Picture Naming 2.0 classified 13 
(93%) as at-risk.  Of the 9 students with Individualized Education Programs Picture Naming 1.0 
classified 4 (80%) as at-risk and Picture Naming 2.0 classified 7 (78%) as at-risk.  There are a 
relatively equal number of male and female students in each of the groups, with exception that 
very few males were identified as not at-risk by Picture Naming 2.0.  This pattern is repeated for 
age.  There are a relatively equal number of the students from each age group classified as at-risk 
and not at-risk by both versions of Picture Naming with the exception that a large of number of 4 
year olds were classified as at-risk by Picture Naming 2.0.  
 
 
 
 
 
 
 
40 
 
Table 10. 
Number students identified by Picture Naming 1.0 and Picture 2.0 as making adequate progress 
in the general classroom and those not making adequate progress who are English Language 
Learners and who have Individualized Education Programs  
 ELL IEP Male Female 3 year-
olds 
4 year-
olds 
5 year-
olds 
PN 1.0        
At Risk 10 4 27 21 4 44 0 
Not At 
Risk 
4 5 26 27 2 47 14 
PN 2.0        
At Risk 13 7 45 36 5 68 8 
Not At 
Risk 
1 2 8 22 1 23 6 
 Note. Picture Naming 1.0 is abbreviated “PN 1.0”, Picture Naming 2.0 is abbreviated “PN 2.0”, 
Peabody Picture Vocabulary Test is abbreviated “PPVT-IV”, English Language Learner is 
abbreviated "ELL", Individualized Education Program is abbreviated "IEP" 
  
 A series of independent samples t-tests were conducted in order to compare differences in 
the scores of participants identified as at-risk and those identified as not at risk by each version of 
Picture Naming (see Table 11).  The amount of variance in scores within the groups, those 
classified as at-risk and those classified as not at-risk, is important when considering 
classification accuracy.  Too much variance within the groups would suggest a more limited 
ability to discriminate between those who are at-risk and those who are not.    There was a 
statistically significant difference, t(109)=-12.96, p<.05; d=.77, in Picture Naming 1.0 scores for 
students identified by Picture Naming 1.0 as not at-risk (M=23.13, SD=3.92) and those identified 
as at-risk (M=12.73, SD=4.52). There was also a statistically significant difference, t(109)=-
10.36, p<.05; d=.62, in Picture Naming 2.0 scores for students identified by Picture Naming 2.0 
as not at-risk (M=12.57, SD=1.851) and those identified as at-risk (M=6.68, SD=2.792);   
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Table 11. 
t-test results comparing the scores of students identified as at-risk and not at-risk by Picture 
Naming 1.0 and Picture Naming 2.0 
  
N Mean SD t Df 
Mean 
Difference P-value r
2 
d 
PN 1.0          
At Risk 48 12.73 4.52 12.96 109 10.40 .000** .77 2.46 
Not At Risk 63 23.13 3.92       
PN 2.0          
At Risk 81 6.86 2.73 12.43 109 5.702 .000** .62 2.45 
Not At Risk 30 12.57 1.85       
**p<.05  
Note. Picture Naming 1.0 is abbreviated “PN 1.0”, Picture Naming 2.0 is abbreviated “PN 2.0" 
  
 These results suggest that on both Picture Naming 1.0 and Picture Naming 2.0, scores are 
significantly lower for participants who were classified as at-risk than participants who were 
classified as not at-risk.  The effect size, or the magnitude of the difference within the groups is 
an important calculation because of differences in scores, such as potential high score.  The larger 
effect size for Picture Naming 1.0 (.77) indicates less variance in scores within the groups 
classified as at-risk and those classified as not at-risk.     
 For descriptive purposes, given non-independence of the analyses, an additional series of 
independent samples t-tests were conducted in order to compare the Picture Naming scores of 
groups identified by the PPVT-IV and the PLD as at-risk and not at-risk (see Tables 12 and 13). 
There was a statistically significant difference, t(109)=-6.44, p<.05; d=.60, in Picture Naming 1.0 
scores for students identified by PPVT-IV as not at-risk (M=20.55, SD=5.86) and those identified 
as at-risk (M=12.35, SD=5.04).  There was also a statistically significant difference, t(109)=-8.48, 
p<.05; d=.71, in Picture Naming 2.0 scores for students identified by the PPVT-IV as not at-risk 
(M=9.66, SD=2.93) and those identified as at-risk (M=4.31, SD=2.37). There was a statistically 
significant difference, t(109)=6.14, p<.05; d=.52,  in Picture Naming 1.0 scores for students 
identified by PLD as not at-risk (M=21.10, SD=5.79) and those identified as at-risk (M=14.08, 
SD=5.70). There was also a statistically significant difference, t(109)=3.52, p<.05, in Picture 
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Naming 2.0 scores for students identified by the PLD as not at-risk (M=9.25, SD=3.12) and those 
identified as at-risk (M=6.85, SD=3.96).     
 Again, Picture Naming 1.0 and Picture Naming 2.0 scores are lower for participants who 
were classified as at-risk by the PPVT-IV and the PLD than those who were classified as not at-
risk.  The effect size is smaller for Picture Naming 1.0 when groups are classified by the PPVT-
IV (.60) than Picture Naming 2.0 (.71).  The effect sizes for Picture Naming 1.0 (.52) and Picture 
Naming 2.0 (.32) when the PLD is used to classify students as at-risk and not at-risk are both 
relatively small.  
Table 12. 
t-test results comparing Picture Naming scores of students identified as at-risk and not at-risk by 
the PPVT-IV 
  
N Mean SD t Df 
Mean 
Difference P-value r
2 
d 
PN 1.0          
At Risk 26 12.35 5.04 6.45 109 8.21 .000** .60 1.5 
Not At Risk 85 20.55 5.85       
PN 2.0          
At Risk 26 4.31 2.37 8.48 109 5.35 .000** .71 2.01 
Not At Risk 85 9.66 2.93       
**p<.05  
Note. Picture Naming 1.0 is abbreviated “PN 1.0”, Picture Naming 2.0 is abbreviated “PN 2.0", 
Standard Score is abbreviated "SS",  Peabody Picture Vocabulary Test is abbreviated "PPVT-IV" 
 
Table 13. 
t-test results comparing Picture Naming scores of students identified as at-risk and not at-risk by 
the PLD 
  
N Mean SD t Df 
Mean 
Difference P-value r
2 
d 
PN 1.0          
At Risk 39 14.08 5.70 6.14 109 7.02 .000** .52 1.22 
Not At Risk 72 21.10 5.79       
PN 2.0          
At Risk 39 6.85 3.96 3.52 109 2.40 .001** .32 .67 
Not At Risk 72 9.25 3.12       
**p<.05  
Note. Picture Naming 1.0 is abbreviated “PN 1.0”, Picture Naming 2.0 is abbreviated “PN 2.0", 
Standard Score is abbreviated "SS",  Peabody Picture Vocabulary Test is abbreviated "PPVT-IV" 
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Chapter 5 
Discussion 
 There are a large number of children who struggle to become successful readers in school 
and often experience difficulties throughout their lives (National Early Literacy Panel, 2008; Poe 
et al., 2004).  Learning to read begins in early childhood and develops as a continuum of skills 
(e.g., Missal et al., 2008; Snow et al., 1998; Whitehurst & Lonigan, 1998). Research has 
identified a number of domains that can be broken down into what are considered early literacy 
skills because of their relationship to later reading ability (National Early Literacy Panel, 2006).  
One of these domains is oral language which includes expressive and receptive vocabulary.  
Preschool children who are not making adequate progress in vocabulary development are at-risk 
for later reading difficulties (e.g., Bishop & Adams, 1990).  The ability to accurately identify 
these children will allow teachers to provide additional instruction.  It is important that the 
measures used to discriminate between students who are at-risk and those who are not at-risk are 
as accurate as possible. 
 The purpose of this study was to evaluate the intervention placement decisions, or tier 
assignments, in an RTI framework of two different screening measures of preschool vocabulary.  
Classification accuracy of the two versions of Picture Naming differed by analysis, with Picture 
Naming 1.0 demonstrating greater sensitivity and specificity, while Picture Naming 2.0 
demonstrated a higher AUC value and more promising ROC curve.  However, classification 
errors seemed high for both measures.  Based on these results, new cut-scores were identified 
using the ROC curves.  These cut-scores indicated that increasing the cut score of Picture Naming 
2.0 from 11 to 12 would result in the highest values of sensitivity and specificity.  Differences in 
Picture Naming scores between the groups classified as at-risk and as not at-risk added support 
for each of the findings from the classification accuracy analyses.   
 In an RTI system, it is important for a screening measure to accurately identify all or 
nearly all of the students who are not making adequate progress in the general classroom so that 
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additional intervention can be provided in order to prevent delays in vocabulary development; 
this feature is represented in the sensitivity estimate for any measure.  At the same time, it is 
important to limit the over-identification of students who are not at-risk, or the measure’s 
specificity, in order to conserve the resources of the classroom for those students with the greatest 
need.   
Classification Accuracy 
 In order to evaluate differences in the classification accuracy of Picture Naming 1.0 and 
Picture Naming 2.0 a series of classification accuracy statistics were calculated using two 
different measures as the criterion for comparisons of classifications.  The results of these 
analyses are both interesting and surprising.  Picture Naming 2.0 was designed to respond to 
some of the limitations of Picture Naming 1.0 such as no control over item difficulty and 
construct irrelevant features. Therefore it was hypothesized that Picture Naming 2.0 would 
function better than Picture Naming 1.0, including having greater classification accuracy.  
However, surprisingly the results of the first classification accuracy analysis showed that this was 
not consistently true.   Picture Naming 1.0 had higher sensitivity given both criterion measures.  
Picture Naming 2.0 had higher specificity with the PPVT-IV as the criterion measure, but lower 
with the PLD.  Picture Naming 2.0 had higher overall classification accuracy given the PPVT-IV 
as the criterion measure, but Picture Naming 1.0 had higher overall classification accuracy given 
the PLD as the criterion measure.   
 Picture Naming 1.0 demonstrated the highest ability to identify students who are at-risk 
for delays in vocabulary development by matching the classification for 71% of students who did 
not pass the PPVT-IV and 56% of students who did not pass the PLD.  This means that in a 
hypothetical school with 100 students who need additional instruction, 71 of the students who 
actually need intervention based on PPVT-IV performance would be correctly identified and 56 
of the students who actually need intervention based on PLD evaluation would be correctly 
identified.  Using Picture Naming 2.0 in the same hypothetical school 59 of the students who 
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actually need intervention based on PPVT-IV performance would be correctly identified and 51 
of the students who actually need intervention based on PLD evaluation would be correctly 
identified.   
 It is also interesting that both measures have higher specificity values than sensitivity 
values, meaning that both measures are better at identifying those students who are not at risk 
than identifying those who are at risk.  If the goal of a screening measure is to use the classroom 
resources in the most efficient way possible by identifying all or nearly all the students who are 
not making adequate progress in the general classroom while limiting the number of students 
over-identified as at-risk, then sensitivity is arguably the more important value (Johnson et al., 
2009; Glover & Albers, 2007).  High sensitivity increases confidence that students with the 
greatest need of additional instruction will be identified by the measure. At times high sensitivity 
may result in lower specificity values and the incorrect identification of students who do not need 
additional instruction.    
 Literature on classification accuracy suggests that screening measures with sensitivity 
values that are below 75% or 80% have limited usefulness (Glover & Albers, 2007) and that in 
order for a screening measure to be useful sensitivity and specificity values should be as high as 
90% (Johnson et al., 2010).  Considering both the logic of RTI and suggestions from the literature 
the sensitivity values of Picture Naming 2.0 appear to be unacceptably low and while the values 
for Picture Naming 1.0 are higher, they are still outside the range identified by the research as 
acceptable for screening measures.     
 The results from the ROC analysis result in a different conclusion.  Both a visual analysis 
of the ROC curve and area under the ROC curve (AUC) values indicated that classifications 
made with Picture 2.0 had the highest classification accuracy (AUC= .92).  Classification 
accuracy statistics do not necessarily correlate with the results of the ROC analysis. Accuracy 
statistics are computed based on one pre-determined cut point while ROC analysis tries all of the 
cut points and then plots the sensitivity and specificity to create the curve.  Although the results 
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from these two analyses do not always correlate with each other, both types of analysis can offer 
useful information.  If a measure has well-established cut scores then sensitivity and specificity 
values can be especially useful, while ROC analysis can add additional information when the cut 
scores are less established.           
 The contrast between the accuracy statistics and ROC curves suggested identifying 
different cut scores.  Plots of sensitivity and specificity values across Picture Naming scores were 
used to identify new cut scores with sensitivity values as close to .9 as possible.  This analysis 
revealed that in order to increase sensitivity cut scores also needed to be increased.  Although 
sensitivity is increased to a level supported by the literature by raising the cut score, specificity is 
decreased to levels that are unacceptably low at the same time.  This seems to make sense 
logically as well.  Ensuring that sensitivity is high and all or nearly all students who are at-risk for 
delays are identified, also means that some students who are not at-risk will be identified.   
 Some trade-off between high sensitivity and low specificity can be expected; however, 
there must be a limit to this in order to reduce unnecessary burden on classroom resources. If the 
hypothetical school described previously had instead 100 students who did not require additional 
intervention, using Picture Naming 1.0 with a cut-score of 22 only 13 of the students who actually 
did not need intervention based on PLD evaluation would be correctly identified.  This is again, 
far worse than chance and would mean that teachers are providing additional instruction to 87 
students who do not need it.  There are at least two potential reasons for the different conclusions 
drawn from these results. The cut scores being used for Picture Naming 1.0 have been established 
for a longer duration and were created using a larger sample.  The data collected from 7,355 
children was collected from an internet site in order to create the norms that were translated into 
cut scores for this analysis for Picture Naming 1.0 (Roseth et al., 2012).  The cut scores for 
Picture Naming 2.0 were established in a more recent study with a smaller sample size of 750 
children (Bradfield et al., 2013).  It is possible that more research on the cut scores for Picture 
Naming 2.0 is required before the optimal balance of sensitivity and specificity can be achieved.  
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The ROC analysis suggests that Picture Naming 2.0 has the potential for higher classification 
accuracy than Picture Naming 1.0. 
 Also, the cut score selected for use with Picture Naming 1.0 may not be as accurate in 
reflecting the abilities of the students.  The cut score selected for use with Picture Naming 2.0 
was designed using a Rasch model to specifically target students' abilities during the fall, or 
beginning, of their P4 year (Bradfield et al., 2013),while the cut score selected for use with 
Picture Naming 1.0 was created using age-based norms.  This means that for Picture Naming 1.0 
as vocabulary development increases and Picture Naming 1.0 scores increase, so do the cut scores 
(Missal et al., 2012).  Selecting the cut score associated with 48 months means that the cut score 
may have been too low for some of the students and too high for others, depending on their age.  
A cut score that is too low would logically result in inflated sensitivity.  Inflated sensitivity would 
mean that in reality students who do not require additional instruction are being identified as at-
risk.   A low cut score may provide an explanation for the surprising results associated with 
Picture Naming 1.0 in the first analysis.   
Differences Between Groups 
 In order to expand on the classification accuracy statistics, differences between the 
groups identified by Picture Naming 1.0 and Picture Naming 2.0 were examined.  Information 
was collected on each student in order to determine if the student spoke a language other than 
English, or was an English Language Learner (ELL), and if the student had an Individualized 
Education Program (IEP) indicating an already documented delay or disability.  Speaking a 
language other than English or having a documented disability represent two additional risk 
factors that may affect vocabulary comprehension.  Although it should not be assumed that 
students with an IEP or who are ELL will require additional intervention, these characteristics can 
serve as a reasonable predictor of delayed vocabulary (Tabors & Snow, 2001).  It is important for 
accurate screening measures to identify students with these risk factors as at-risk. The majority of 
students who are English Language Learners were classified by Picture Naming 1.0 and Picture 
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Naming 2.0 as at-risk for delays in vocabulary.  This makes sense in that students who speak a 
language other than English would need additional support in learning vocabulary in English 
(Tabors & Snow, 2001).  
 Picture Naming 1.0 identified about half of the students with IEPs as at-risk and Picture 
Naming 2.0 identified nearly all the students with IEPs as at-risk.  It makes sense that not all 
students with an IEP would have a disability that would affect their vocabulary.  Only general 
disability category information was collected and without knowing details on the specific 
disability or delays the child has it is difficult to draw specific conclusions about these numbers.  
For example, the student who was reported to have an emotional/behavior disorder may have 
typically developing cognitive abilities and be making adequate progress in the general 
classroom.  This student was identified as not at-risk by Picture Naming 1.0 and as at-risk by 
Picture Naming 2.0.  It is important however, that the majority of students with IEPs were 
identified as at-risk because it is reasonable to assume that students with reported 
speech/language disabilities and autism or other development delays would be more likely to 
have a vocabulary delay.  
 Beyond demographic differences between the groups, variance in scores within the 
groups identified as at-risk and not at-risk is also an important consideration.  Variance within the 
groups speaks to the classification accuracy of the measure.  If the screening measure is creating 
two meaningful groups of students then there should only be a small amount of variance in scores 
within each group. If there is a large amount of variance within each group it decreases 
confidence in the measures' ability to identify two distinct groups of students.  Variability 
inherent in the behavior of preschoolers and in measurement in general would suggest that two 
completely distinct groups would never be truly identified; however, significant differences in the 
Picture Naming scores within each group would suggest that the screening measure is not 
creating two meaningful groups.       
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 A statistically significant difference on Picture Naming scores between the students 
identified as at-risk and not at-risk identified by both Picture Naming 1.0 and Picture Naming 2.0 
was found.  This means that scores are significantly lower for participants who were classified as 
at-risk than for participants who were classified as not at-risk.  The same holds true for Picture 
Naming scores when the groups are identified by the PPVT-IV and the PLD.  Picture Naming 
scores are significantly different for students who the PPVT-IV and the PLD classified as at-risk 
and as not at-risk.  These findings demonstrate that Picture Naming 1.0 and Picture Naming 2.0 
identify meaningful groups of students.  It can be assumed that the lower a student's scores on the 
criterion measures, the lower their ability level in the skill being measured by the assessment.  
Statistically significant differences in Picture Naming scores for the groups identified by the 
criterion measures means that there is coherence in the evaluation of vocabulary between Picture 
Naming 1.0 and Picture Naming 2.0 and the criterion measures.      
 The effect size or the magnitude of the difference in scores between the groups is helpful 
in making comparisons of mean differences across measures.  The larger the effect size the larger 
the differences in scores between the groups classified as at-risk and not at-risk.   As effect sizes 
increases so does confidence in the measures' classification accuracy, or ability to discriminate 
between students with differing levels of ability in vocabulary.  There are large differences in the 
potential scores (i.e. the maximum score on Picture Naming 2.0 is 15, while there is no limit to 
the maximum score on Picture Naming 1.0) on each measure.  These differences could have an 
impact on the standard deviations of the means, not allowing for direct comparisons of mean 
differences across measures.  Overall, the largest effect size was seen between groups identified 
by Picture Naming 1.0 while the smallest effect size was seen in Picture Naming 2.0 scores when 
the groups were classified by the PLD.   
 These significant differences in Picture Naming scores between groups increases our 
confidence in the classification accuracy of both versions of Picture Naming.  This study has 
demonstrated that both versions of Picture Naming have at least some ability to discriminate 
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between students with lower scores and students with higher scores.  Significant differences in 
the scores between groups demonstrates that the groups being identified are meaningful.  In other 
words, scores for those who were identified as at-risk are lower than the scores for those who 
were identified as not at-risk.  The fact that these significant differences in Picture Naming scores 
between groups are also present when the PPVT-IV creates the groups adds evidence that a low 
and high scores are related to ability level because the PPVT-IV is used as a criterion measure to 
represent the student's "true" ability.    
 The effect size for differences in Picture Naming scores between groups is largest for 
Picture Naming 1.0, which supports the high sensitivity values seen in the initial analysis.  When 
the groups are classified by the PPVT-IV, there is also a large effect size for differences in Picture 
Naming 2.0 score between the groups.  This is similar to the results seen in the ROC analysis, 
where Picture Naming 2.0 given the PPVT-IV as the criterion measure had the largest AUC 
value.   
Limitations and Future Directions 
 Although these data contribute additional information to the field’s knowledge of 
screening in a preschool RTI system, it is important to consider the results within the context of 
their potential limitations. First, an effort was made to recruit as many participants as possible 
across demographics and abilities; however the sample size is still relatively small.  This is 
especially true of lower performing students.  It was not possible to know exactly how a student 
would perform on the screening measures prior to administration.  Recruiting a large number of 
lower performing students proved logistically difficult; therefore there is a smaller number of 
students who were classified as Tier2/3.  Future research efforts should also gather more 
information on additional risk factors such as specific disability categories and length of exposure 
to English for students who are ELL.      
 Another limitation of the present results is the lack of previous research on classification 
accuracy of preschool screening early literacy measures.  With no previous research it is difficult 
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to make conclusions based on the literature.  The literature on classification accuracy makes 
recommendations for specificity and sensitivity values, however, these recommendations are 
based on measures designed to be used with an older population of students.  Although there is no 
reason to assume that recommendations for sensitivity and specificity values for preschool 
screening measures would be substantially different from those for kindergarten students it 
remains an unanswered question.  Future research is warranted to ensure that the 
recommendations based on older students hold true for screening with preschool students.   
 The current investigation used both a published criterion measure and a survey of teacher 
judgment as a criterion measure for the classification accuracy analysis.  None of the previous 
research on the classification accuracy of screening measures has used any criterion measure 
other than published tests.  This again limits the option of comparing the results with 
recommendations from literature because direct comparisons cannot be made.  Future research 
should investigate the use of teacher judgment as a criterion measure for classification accuracy 
analysis.  Published criterion measures are often expensive, time consuming, and require 
specialized training to administer.  The results of this study add to the existing literature on the 
usefulness of teacher judgment and suggest that teacher judgment may offer a less expensive and 
easier to administer criterion measure for use in classification accuracy analysis and selecting 
meaningful cut scores for screening measures (Elliot et al., 2007).   
Conclusions 
 Starting kindergarten with the foundation skills necessary to learn to read is crucial for 
success.  Making adequate progress in vocabulary development during preschool plays a large 
role in setting the foundation for reading success in school.  If preschool teachers have access to 
accurate vocabulary screening measures they will be able to identify students who are not making 
adequate progress in the general classroom and provide them with additional instruction.  The 
current study evaluated the intervention placement decisions, or tier assignments, of Picture 
Naming 1.0 and Picture Naming 2.0 for use in a preschool RTI system.  Although classification 
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errors seemed high for both measures and results varied by analysis, both versions of Picture 
Naming demonstrated some ability to discriminate between students.  Picture Naming 1.0 
demonstrated higher sensitivity and specificity, while Picture Naming 2.0 demonstrated a higher 
AUC value and more promising ROC curve.   
 With the increased focus on the importance of early literacy skills and the availability of 
RTI for preschool settings, future research should continue to investigate the accuracy of 
screening measures.  This should include the identification of any characteristics of screening in 
preschool that sets it apart from screening with older students.  Also continued investigation of 
potential criterion measures will add to the knowledge on how to best create cut scores to use 
with the screening measures.  Accurate screening will allow teachers to provide students with the 
greatest need additional instruction and help ensure that they are ready to be successful when they 
start kindergarten.      
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Appendix A 
PURPOSE: 
We are asking you to give us some information about the individual children in your classroom. 
We assume that children doing fine in any area will continue to benefit from the general services 
in your classroom, that children with moderate difficulty will need some supplemental help, and 
that children having significant difficulty will need the most intensive intervention. These three 
levels of intervention will match to the green, yellow, and red groupings we’re asking you to 
identify in your classroom. 
 
DIRECTIONS 
Please read carefully 
 
To most accurately complete this form,  
feel free to consult with other staff members who know your students. 
 
FIRST: 
Complete the form on page 2. 
 In this table, indicate students’ ELL and IEP status.  
 
NEXT: 
 
 
 
THEN:  
Read the criteria for each Tier: 
 
 
 
 
 
FINALLY: 
 Place an “x” in the box for the Tier that most accurately describes the student’s ability 
in that early literacy area. 
 
For each student, please indicate if they:  
 Are an English Language Learner (ELL) 
o The student’s primary or native language is one other than English. 
 
 Have identified Special Education needs documented in an: 
o IEP (Individualized Education Plan) or 
o IIIP (Individual Interagency Intervention Plan),  
o or IFSP (Individual Family Service Plan).  
 
Read the descriptions of each literacy area carefully.  
Descriptions appear in the black box at the top of each page. 
 
Tier 3 
The child has significant 
difficulty in this area. 
Tier 2 
The child has moderate 
difficulty in this area. 
 
Tier 1 
The child has 
little or no 
difficulty in this 
area. 
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Student Name 
(Will Be 
Removed) 
Student ID # 
(Office Use 
Only) 
English 
Language 
Learner 
(ELL)? 
 
(check box, 
 if applies) 
Has an IEP, 
IIIP or 
IFSP? 
 
(check box, 
 if applies) 
If yes, please list 
area(s): 
Speech/Language, 
Autism, 
Emotional/Behavior, 
Developmental 
Delay and/or Other 
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Oral Language 
 
 
 
 
 
 
 
 
 
  
 
Place an “x” in the box for the Tier that most accurately describes the student’s Oral Language 
ability. 
 
 
Student Name: 
(will be removed) 
Student ID: 
(office use only) 
Tier 3 Tier 2 Tier 1 
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
 
 
 
DESCRIPTION: Preschoolers who have competent oral language skills use a variety of words 
(i.e. nouns, verbs, adjectives, adverbs) to convey meaning in conversation and in most daily 
activities.  When speaking, they use grammatically correct short sentences, and can describe 
objects, people, places, and things in their immediate environment. These children can tell 
simple stories and talk about people, places, things or events that are not present. 
 
Tier 3 
The child has 
significant difficulty in 
this area. 
Tier 2 
The child has 
moderate difficulty in 
this area. 
 
Tier 1 
The child has little or 
no difficulty in this 
area. 
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Appendix B 
Picture Naming 2.0 
Fidelity Checklist 
 
Administrator:____________     Date:___________  Observer:____________ 
 
Sample Cards 
 Read initial task instructions verbatim. Feedback: 
 Sample A (read verbatim)  
 Sample B (read verbatim)  
 Sample C (read verbatim, provided positive 
feedback/corrective prompts as needed) 
 
 Sample D (read verbatim, provided positive 
feedback/corrective prompts as needed) 
 
 
Test Cards 
Administrator should deliver at least 5 test cards (or enough cards for observer to feel confident 
about administrator's accuracy). 
 Read initial instructions verbatim. Feedback: 
 Accurately provided additional prompts as needed. 
(“Do you know what that is?” or “What’s that?”). 
 
 Did NOT provide feedback for child’s responses.  
 
Scoring 
Administrator and observer should each fill out a score sheet and compare scoring for each item. 
 Administrator’s scoring matched observer’s scoring 100% 
of the time. 
 
Feedback: 
 
 
Total: ___ / 9 (need 8 to pass) 
Passed?    YES    NO 
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Picture Naming 1.0 
Fidelity Checklist 
Sample Cards 
 Read initial task instructions verbatim. Feedback: 
 Read each sample A-D  
 Administered sample cards correctly (provided positive 
feedback/corrective prompts as needed) 
 
   
   
 
Test Cards 
Administrator should deliver at least 5 test cards (or enough cards for observer to feel confident 
about administrator's accuracy). 
 
 
Read initial instructions verbatim. 
Started the timer for 1 minute 
Feedback: 
 Accurately provided additional prompts as needed. 
(“Do you know what that is?” or “What’s that?”). 
 
 Did NOT provide feedback for child’s responses.  
 
Scoring 
Administrator and observer should each fill out a score sheet and compare scoring for each item. 
 Administrator’s scoring matched observer’s scoring 100% 
of the time. 
 
Feedback: 
 
 
Total: ___ / 8 (need 7 to pass) 
Passed?    YES    NO 
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PPVT-IV 
Fidelity Checklist 
 
 Read task instructions verbatim 
 Started task at the correct section 
 Found the correct basal 
 Did NOT provide feedback for child's responses 
 Found the correct ceiling 
 Scoring matched observers scoring 100% of the time 
 
Total: ___ / 6 (need 6 to pass) 
Passed?    YES    NO 
 
Feedback: 
 
 
 
 
 
 
 
 
